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1.
(X. d) . $X$ $T$ , $’\in[0.1)$




1 (Banach [1]). (X. d) . . $X$
$T$ -$arrow$ .
. 1969 Kaunan .
2 (Kannan [4]). (X. d) . $X$ $T$
. $(1\in[0.1/2)$ . $\iota\cdot,$ $y\in X$
$d(T_{lj}, Ty)\leq t1(d(x. T\tau)+d(y, Ty))$
. , $T$ .
. $X=[0.1]$ . $T(.r_{\tau})=.r/3$
. $T$ .
$d(T(O), T(1/3))=(1/2)d(O. T(O))+(1/2)d(1/3. T(1/3))$
$T$ . , $x\in[0.1/2|$ $T(\tau\cdot)=\angle r/4$ .
$l\cdot\in(1/2.1]$ $T(r)=x/5$ , $T$
. . .
. 1 2 .
. -$arrow$
. 2 . 1
. $X$ $X$
. ./







$\backslash$ lSC (2000). $54H2^{r_{y}}$
. . .
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3([13]). $\theta$ : $[0.1)\neg(1/2,1]$
$\theta(’.)=\{\begin{array}{ll}1 (0\leq r\leq\frac{v’\overline{5}-1}{2})\frac{1-r}{7^{\sim}2} (\frac{\backslash \backslash _{-}}{\underline{9}}\leq \leq\frac{J}{\backslash \Gamma 2})\frac{1}{1+\uparrow} (_{T^{1_{2}}}\leq t^{7}<1)\end{array}$
. (X. d) , $T$ $X$ . $r\in[0.1)$
2 $x.y\in X$
$\theta(l^{\tau})d(x. Tx)\leq d(x.:y)arrow d(Ttr. Ty)\leq rd(x_{:}y)$
. , $T$ .
. $\theta(r)$ . $\theta(r)$





. , $\theta$ .
, $\theta$
. 7
. [14] 3 .
2 . 3 .
. 3 . 2 .





4 ([6]). $(X, \mathfrak{c}f)$ , $T$ $X$ . $x\in X$
7 $\in[0.1)$ $rf(\tau_{l’}, T^{:}\sim^{)}.r)\leq’\cdot d(.\iota\cdot, TLr)$ . .
$y\in X$
$\frac{1}{1+1^{B}}d(.r. T.\iota)\leq d(.\iota\cdot. y)$ $\frac{1}{1+\uparrow}d(Tu\iota. T^{2_{L}}\tau\cdot)\leq d(Tx. y)$
.
. .
$\frac{1}{1+’\backslash }d(.r. T.\iota\cdot)>d(.\iota^{\neg}.y)$ $\wedge\backslash$ $\frac{1}{1+\prime}(f(T.\iota^{\tau}. T^{2}.\iota)>d(T.\iota\cdot. y)$
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$\gamma^{\cap(\uparrow^{\neg})=}\{\begin{array}{ll}1 (0\leq\gamma\cdot<\frac{1}{v}2\approx)1 (_{F^{1_{2}}}\leq r<1)\end{array}$
. (X. d) . $T$ $X$ . $0\in[0.1/2)$
. ,, $:=0/(1-\mathfrak{a})\in[0.1)$ . $r$ . $y\in X$
$|\hat{r}(t’)(f(\iota\cdot. Tur)\leq(i(.r. y)arrow d(T.r. Ty)\leq a$ $d(x. T.r)+(\}d(y. Ty)$
. , $T$ .
. $\hat{\vee}(r)\leq 1$ . $x\in X$ $Y^{\circ(\prime r)d(x,Tx)}\leq d(x.Tx)$
. $d(T.r. T^{2}x)\leq\alpha d(.\cdot\iota’.Tx)+\mathfrak{a}d(Tx, T^{2}x)$ .
.
(1) $d(T.r, T^{2}.r)\leq\tau d(.\iota\cdot. T.r)$
,r $\in$ X . $t/\in X$ , $tl_{0}=1l$ . $ll_{7t}=T^{7l}?l$ . (1) .
$\sum_{7?=1}^{x}(f(t1_{\gamma)}. l1_{t+1})\leq\sum_{\dagger=1}^{x},.\prime\prime(;(1l_{0\cdot 1}?l)<\infty$
. $\{ll,,\}$ $X$ , $X$ 2
.
. $\Gamma\neq-\sim$ $1’\in X$ .
(2) $d(\approx. T.\tau\cdot)\leq c_{-}\backslash d(.r. T.r)$
. $?I_{tt}arrow\approx$ . $n_{()}\in N$ . $’\iota\geq\uparrow 7_{0}$ $n\in \mathbb{N}$
$(l(U_{l\cdot\vee}\wedge)\leq(1/3)d(\llcorner c$ . $\sim\sim)$ . .
$Y’\wedge(r^{\urcorner})(l(\iota 1_{1}.\tau_{tl_{l}},)\leq d(ll_{7?}. T\iota 1_{l1})=(;(1l_{l1}. tl_{\uparrow’+1})\leq d(u_{r1}$. $\sim\sim)+d(tl_{71}+1\cdot\approx)$
$\leq\frac{2}{3}(l(.r\cdot$ . $\sim)=d(.\iota\cdot$ . $\vee\sim)-\frac{1}{3}(f(Lr$ . $\sim\sim)\leq d(.\tau\cdot$ . $\sim\wedge)-(i(\iota J,,$ . $\approx)$
$\leq d(u_{1}.L\iota’)$ .
. $|1\geq\uparrow 1_{()}$ $ll\in \mathbb{N}$ .
$d(\tau_{\iota l_{7}},.\tau_{\iota’})\leq c\downarrow d(1l_{t}.T?l_{7})+(1d(.1^{\cdot}.T_{l}\cdot)$
} $)$ . . $x\neq\sim\wedge$ $|\in X$ .
$(l(\sim-. T.\iota^{\tau})=,?-\cdotarrow\cdot’\tau;1i.nid(n_{l\dashv 1}. TLr)=,\}_{-)}\propto 1$
$\leq,\}\underline{i}_{\wedge}1i..1\kappa(((/(ll_{l1}. \tau_{ll_{1}},)+r).(f(.\iota’. T.\iota^{\tau}))=()d(.c, T.\iota\cdot)$
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.. $0\leq\gamma\cdot<$ 1/V . $\sim Y$ $T$ . $T\sim\neq\sim$
. (1), (2)
$d(\approx’.T^{2}\approx)\leq \mathfrak{a}d(T\approx.T^{2}\approx)\leq c\iota \mathfrak{s}d(\approx.T\approx)$
$d(z$ . $T\approx)\leq d(.\sim.\tau^{2_{Z}})+d(Tz, T^{2}z)\leq\alpha rd(z, T\approx)+rd(\approx. T\approx)$
$= \frac{t’ 1\tau 2r^{2}}{1+r}d(\approx. T\approx)<\frac{r+1}{1+r}d(\approx, Tz)=d(z_{\}T\approx)$
. , $T\approx=\approx$ .
$1/\sqrt{\underline{9}}\leq r<1$ 4 $n\in \mathbb{N}$ ,
$\forall’-(\uparrow\cdot)d(u\iota\downarrow)\leq d(u_{2r},$ . $\approx)$ $p(r)d(vll)\leq d(u_{2,1\dashv\cdot 1}.\approx)$
. , $\{n\}$ $\{n_{j}\}$ , $j\in \mathbb{N}$
$(r^{\gamma}(r)d(1l_{r\iota_{J}}.?1_{71_{J}\dashv 1})\leq d(u_{?j}.\approx)$
. .
$d(\sim.Tz)=1i_{1i1}d(1l_{1_{j}-+1}.T\approx)j-\backslash 1X^{}’\leq 1in1(\alpha d(u_{r\iota_{j}}.’\mu_{n_{f}+1})+\alpha d(z_{:}T_{\sim}^{p}))=c)(f(z.Tz)j-\backslash \supset c$
. $c<1/2$ $\tau_{z=}\sim\sim$ .
$T_{\sim}^{\sim}=z$ . $\approx$ (2) . $\square$
. $*-(\mathfrak{l}^{Y})$ $\uparrow’\in[0_{i}1)$
.
6([6]). $\backslash \rho$ 5 . $\mathfrak{a}\in[0,1/2)$ ,
$(X. i.)$ $X$ $T$ . $x,$ $y\in X$
$\Psi^{\neg}(r)d(x. T\iota r)<d(.r. y)arrow d(T.\iota^{\wedge}, Ty)\leq c\iota d(.r. Tr)+\alpha d(y. Ty)$
. . $r=0/(1-\zeta)^{-})$ .
. $0\leq i\cdot<$ 1/V . $\mathbb{R}$ $X$ $X=\{-1.1\}$
. $X$ $T$ $t1^{-}\cdot\in X$ $Tx=-.r$
. . $T$ . . $r$ . $y\in X$
$\backslash \hat{r}^{(1^{\tau})d(.r.T.r)=2}\geq d(x..\iota])$ .
$1/\sqrt{2}\leq 7^{\tau}<1$ . $\mathbb{R}$ $X$
$X=\{0.1\}\cup\{.\chi_{71}^{1}:n\in \mathbb{N}U\{0\}\}$
. . $|?\in \mathbb{N}\cup\{0\}$ .l71 $=(1-’\cdot)(-;)^{71}$ . $X$
$T$ $lt\in \mathbb{N}\cup\{0\}$ , $TO=1$ . $T1=1-r$ . $T.\iota_{r\downarrow=.t_{r\mathfrak{l}+1}}^{\tau}$.
.
$\bullet$ $(I(T0. T1)=\uparrow\cdot=\mathfrak{a}d(O.T())+(\backslash d(1. T1)$
$\bullet$ $t1\in$ NU$\{0\}$ , $\iota\hat{r}(’)(f((). TO)\geq\hat{\Psi}(r)d$ ( $.r_{11}$ , 7) $=(f(0, \iota\iota,)$
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. ,, $i$ . $\prime l\in \mathbb{N}\cup\{0\}$ . $(;(T.\iota_{Yt}.T.r_{7})\leq(f(0. T_{I’}\}n)+d(().T.r_{1})=$
$(\}(l(.r_{7},.T.r_{l’ 7})+(1^{-}(i(.\iota,T)$
$(l(T1. T.r_{\gamma\}})-(()(l(1. T1)+c\backslash (f(.r_{1}. T.r_{\uparrow l}))$
$\leq d(O. T1)+d(O. Tx_{71})-$ $(a$ $d(1. T1)+\zeta 0\cdot d(x_{71}, T.r_{7l}))$
$=d( O. T1)-o^{1}d(1.T1)=\frac{1-2\tau^{2}}{1+r’}\leq 0$
.
. $\theta(r)$ .$\gamma\eta$ $($ ’ $)$ . $r$ $\theta(\gamma\cdot)\neq ^{\wedge}(r)$ .










7([6]). $\theta$ : $[0.1)arrow(1/2.1]$ 3 . (X. d)
. $T$ $X$ . $t\cdot\in[0.1)$ . $\backslash r$ . $y\in X$
$\theta(")d(.\iota^{\backslash }. T.r)\leq d(\llcorner\iota\cdot. \iota/)arrow d(T.r. Ty)\leq\prime nidX\{d(Lc. T.r)$ . $d(y. Ty)\}$
. , $T$ .
. $\theta(’\cdot)(f(x.T.c)\leq d(.r. T.\tau,)$
$(f(T.r\cdot. T^{2_{l}}.\cdot)\leq\uparrow$ inax $\{\}$
. . $\iota\cdot\in X$
(3) $d(T_{L}\iota^{\urcorner}.T^{2}\iota\cdot)\leq l^{\tau}(f(.t’.T.\iota)$
. $n\in X$ $n_{()}=n$ . $t1_{1}=\tau_{11}^{)l}$ . 5 .
$\{11_{7}\}$ $-\sim\in X$ .
$’\backslash t_{\backslash }^{?}$ . $t^{\backslash }\neq\sim\wedge$ $I^{\cdot}\in X$ .
$(4I$ $d(.\vee\sim. \tau Lr)\leq ld(tr. T.\iota’)$
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. $u_{\downarrow}arrow z$ $n\in \mathbb{N}$ 2
$\theta(\gamma^{F})d(?l_{n}. T_{tl_{n}})\leq d(7l_{7l}. .r)$
$d(-\sim.Tx)=1i_{111}l(ll_{7+1}, T.\mathfrak{x}\cdot)=1\underline{i}_{11i}d(T_{ll_{l}},.T.r)n\cdotarrow\infty’ 77^{arrow X^{}}$
$\leq narrow\infty 1i11i\Gamma$ niax $\{d(t4_{I1}.Tt4,,).d(x.Tx)\}=\gamma’ d(x.Tx)$
.
$\approx$ $T$ . $0\leq r<$ 1/V , $\theta(r)\leq$
$(1-r)/r^{2}$ . . $n\geq 2$ $n\in \mathbb{N}$ .
(5) $d(T^{n}z, T_{\vee}\sim)\leq rd(\wedge\sim\cdot. Tz)$
. $r\iota=2$ . (5) (3) (5) . $n>2$
$|1\in N$ , $d(T^{n}\approx.T.)\leq rd(-\neg.T\approx)$ .
$d(\approx. T\approx)\leq d(\approx. T_{\vee}^{n_{\sim}})+d(T^{n}\approx.T\approx)\leq d(\sim?.T^{n}z)+rd(\wedge.T_{\sim}^{\sim})$
$(1-r\cdot)d(\approx.T\approx)\leq d(\sim\sim. T^{71}\approx)$
$\theta(7’)d(T^{n_{\sim}}., T^{71+\cdot 1}z)\leq\frac{1-r}{t^{b}2}d(T^{n}z.T^{\tau\}+\cdot 1}\approx)\leq\frac{1-r}{r}71d(T^{77}z.T^{n\cdot+1}z)$
$\leq(1-r)d(z.T_{\sim}^{-})\leq d(\tilde{\sim}. T^{7l}\approx)$ .
$d(T^{n+1}\approx, T\approx)\leq\uparrow$ ’niax $\{d(T^{7?}\approx. T^{\prime\prime+1}\approx)$ . $d(\sim-. T\approx)\}=rd(\sim\sim. T\approx)$
. . $\uparrow l\geq 2$ $n\in \mathbb{N}$ (5)
. . $T\approx\neq\sim$ . (5) $\uparrow 1\cdot\in \mathbb{N}$ $\tau_{\approx\neq}^{\gamma\prime}\sim\sim$
. (4) ,
$d(T^{\prime\iota\cdot+1}z$ . $\approx)\leq rd(\mathcal{I}_{\sim}^{\urcorner 7?}\sim. \tau_{\sim}^{7l\{- 1_{\neg}})\leq$ $7l+1d(\sim. T\sim)$ .
$T^{71}\approxarrow\approx$ . . (5) . $\tau\sim=\approx$ .
$1/\sqrt{2}\leq’<1$ 5 . $\{r\iota\}$ $\{n_{j}\}$
. $j\in \mathbb{N}$ . $\theta(r)d(u_{j}ll. u_{r\}}j+1)\leq d(\cdot l1_{77}.’. Z)$
. .
$d(\approx)1\underline{i}n1d(u_{i_{j}+1}.T_{\sim}^{-})$
$\leq j- A1\underline{i}nlx’ 1$ niax $\{d(v_{7_{j}}. n_{71_{J}-\vdash 3}).d(\approx. T_{\sim}^{-})\}=\uparrow d(\sim. T\approx)$ .
$\uparrow<1$ $T\approx=\approx$ . $T\approx=\approx$
. $4\wedge$ (4) .
. , $\in[0.1)$ , $\theta(\dagger\cdot)$
.
8([6]). $\theta$ 3 . $\gamma\cdot\in[0.1)$ .
(X. d) $X$ $T$ . 2. $y\in X$
$\theta(’\cdot)(t(.r$ . $T_{1)}<d(.\iota. y)arrow d(T.\iota...Ty)\leq l\cdot$ inax $\{u\}$
.
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. $0\leq’\leq(1/2)$ $($ V $-1)$ $1/\sqrt{\underline{9}}\leq\prime^{\neg}<1$ . $\gamma^{-(t)=\theta(r}$’
. . . (1/2) $(\sqrt{}\overline{5}-1)<\uparrow<1/\sqrt{2}$
. $\mathbb{R}$ $X$ $X=\{x_{7?}:rl\in \mathbb{N}\}$ . . $x_{0}=0$ . $.\mathfrak{x}_{1}=1$ .
$r_{2}=1-’$ . $\uparrow l\geq 3$ $t”,$ $=(1-’\cdot-\prime^{2})(-r)^{\prime 1-}3$ . $X$
$T$ $n\in \mathbb{N}\cup\{0\}$ $Tx_{l1}=.\iota_{\uparrow+1}^{7}$ .
.
$\bullet$ $d(Tx_{0}. Tx_{1})=r=rd(x_{0}. Tx_{0})=r$ inax $\{d(.r_{0}, Tx_{0}),$ $d(x_{1}.T.r_{1})\}$
$\bullet$ $\theta(\uparrow\})d(x_{()}. T.r_{0})\geq\theta(r)(i(Lr_{2}$ . $T\iota r_{2})=1-r=d(x_{0}, x_{2})$
$\bullet$ $n\geq 3$ . $\theta(r)d(.r_{0}.Tx_{0})\geq\theta(\uparrow’)d(x_{7l}, Tx_{n})=\frac{1-r^{2}}{r^{2}}d(x_{0}. x_{\eta})\geq$
$d(\iota r_{0}. \iota_{\prime}^{\backslash },)$
$\bullet d(T.\tau_{1}.T_{l_{2}}\cdot)=\dagger^{2}=rd(\llcorner?_{1}. T_{t_{1}}\cdot)$
$1_{3}<X_{5}<.r_{7}<\cdots<_{t}r_{0}<\cdots<.rs<.1_{()}<.r_{4}<.r_{2}<.r_{t}$ .
$\bullet\uparrow?\geq 3$ . $d(Tx_{1}$ . $Tx,,)<d(x_{2}..r_{:;})=r^{2}=’\cdot d(.\iota:_{1}.T.r_{1})$
$\bullet\prime 1\geq 3$ . $d(T.\tau_{2}. T.\iota_{n})-d(x_{2}. T.\iota_{2})\leq d(x_{3}..\tau_{4})-\prime^{3}=2\uparrow^{2}-1\leq$
$0$
$\bullet$ $3\leq t7?<n$ . $d(Tx_{\uparrow 77}. Tx_{1})\leq d(T.r_{\uparrow\uparrow 1}. Tx_{\gamma 1-\dagger\cdot 1})=rd(\iota r_{1\eta} . T_{L}\tau_{\uparrow \mathfrak{n}})$
. $\square$
$r\cdot\in[0.1)$ $r$ . $y\in X$
$d(T.t\cdot. Ty)\leq\uparrow ni_{d}x\{d(.r.T_{1}:).d(y. Ty)\}$
. $T$ hI- . .




[9] Suzuki . (X. d) . $X\cross X$
[ $0$ . $\infty)$ $p$ $X$ 1-$\hat$ . $X\cross[O$ . $\infty)$ $[0$ . $\propto|)$
$r$’ .
$(\tau 1)$ $\iota^{\tau}$ . $y$ . $\sim\sim\in X$ . $p(.r$ . $\sim\wedge)\leq p(_{u}c$ . $y)+p(y$ . $\sim\wedge)$
$(\tau 2)7(.\tau, 0)=0$ $\eta(_{\backslash }\tau.t)\geq t$ $(\forall,1^{\cdot}\in X. t\in[0.\infty))$ . $\eta$ 2
.
$(\tau 3)$ $\iota l$ } $\in X$ . $1in1,,$ $.r_{l}=.\gamma$. $1ini_{7},$ $\sup\{\eta(\sim\wedge r\iota\cdot p(\approx {}_{\gamma 7}C_{\uparrow t1}))$ :
nz $\geq\}\}=0$ $p(1 t^{1}..\Gamma)\leq liill\inf,\}p(\iota\iota..\iota_{n})$
$( \tau 4)\lim_{\uparrow 7}snp\{p(.r_{1}. y_{n}) :m\geq n\}=0$ $1i_{l11},,$ $\eta(x_{\mathfrak{l}1}.t_{\dagger?})=0$
$1i111_{n}\uparrow\}(y_{\prime},.t_{77})=0$
$(\tau 5)1i_{l(.p(...\iota}111_{1}’\sim 1?\cdot\sim/1l1))=0$ linm,, $\uparrow l(\approx_{\}1}\cdot]^{j}(\sim\sim,7.y_{7}))=$ $()$ $\lim_{t}$ ,
$d(.\iota_{1}. t)_{l1})=0$
$d$ . [3. 9-12. 15] .
(X. $(f)$ $\tau(X)$ . $p\in$
$\tau(X)$ ,, $\in[0.1)$ . $\iota$ . $\iota/\in X$
$p(\tau_{I}\cdot.\tau_{t/})\leq" l)(.\iota, !J)$
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$X$ $T$ $TC(X)$ . $TK(X)$ $p\in\tau(X)$
$(1\in[0.1/2)$ . $X$ $T$
: [. $!1\in X$
$p(T.v. Ty)\leq()(p(T.r..r)+p(Ty.y))$
. $x$ . $y\in X$
$p(T.\tau\cdot, Ty)\leq 0(l^{j}(T_{l_{\iota}^{\backslash }}.r)+p(y.Ty))$ .
$T_{A}tI(X)$ $P\in\tau(X)$ $r\in[0.1)$ . $\gamma;$ . $y\in X$
$p(T\ddagger\iota, Ty)\leq$ ’ inax $\{p(Tx, x)_{\}p(Ty, y)\}$
. $x,$ $y\in X$
$p(T \tau_{\}Ty)\leq r\max\{p(T\sim r..\iota),$ $p(y. Ty)\}$
$X$ $T$ . $T\in TC(X)$ $T$ ,
$p$ $T\in TK(X)$ $T$ . $p$
$T\in T_{A}\mathfrak{h}I(X)$ $T$ , $p$ $h$ I-
. 3 -$arrow$
.




, . . ,
. $h$ I- – .
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